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(57) Abstract 

An electrode material for a negative pole of a lithium secondary battery containing particles which comprises and amorphous M»AOC 
alloy having a substantially non-stoichiometric composition, wherein M represents at least one element selected from the group consisting of 
Si, Ge, and Mg, A represents at least one element selected from the transition metal elements, X is an optional component and represents at 
least one element selected from the group consisting of O, F, N, Ba, Sr, Ca, La, Ce, C, P, S, Se, Te, B, Bi, Sb, Al, In, and Zn, and the content 
of the component M [M/(M+A+X)] is 20 to 80 atomic %. An electrode structure for a lithium secondary cell composed of the 
aforementioned electrode material for a negative electrode and a collector comprising a material which forms no alloy with lithium in an 
electrochemical reaction. A lithium secondary cell having a negative pole comprising the electrode structure. 
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(£$2 0 2 ) 

MJfiLfc*58W©U^'>A-**ftOft«2 0 2 l:tt, HI (a) 
RtfH 1 (b) £fflV>Tfcfcifi^fc#5e9i©«ffi«ii# 1 0 2 ©«fifc 

(iE« 2 0 3 ) 

utiLTH m&&mm<t®> asaMfc*, s#&Jgg«* 
A-a^^Mfifttt^ffl^en*. ^neman^*©^ u^a 

Sc. Y , 7^^K. Ti, Zr, Hf, V, N 

b, Ta. Cr, Mo, W, Mn, Tc. Re, Fe, Ru. Os, 
Co, Rh, Ir, Ni. Pb, Pt, Cu. Ag. Au#»Itffl 

±EjE««** (IE*****) t>-f >^-*U-ht5 l Jf^A>f * 



WO 00/17949 



26 



PCT/JP99/05093 



«**j«'r*HsJl*tt* 5 (ri/fc^*fcW*fcX»ia#rtl*tS c h e 

r r e r 5 0 0 A (*>^*^ D 

-A) aTOllIt^SCi^JK. 2 0 0 A&T©«&H"T?»* 

m&2 e \zn?zxm\Bim&&) oxmrnm?*- h© 2 ei:»t§ 

it!-* ®3Hifff#<0 . 2" K±T»*^t*«ff*K« 0. 

±BIESfitofi©^#tfl»*"C*S*£ ,::tt ' 
±EiEffi«tt«*«»©**tt* J «^*^ K:li ' ±&Lfc*ffi*iS#© 

j£#(10 2) CJBV^ftSfeO^HftKftfflT?**- -h§33lS#© 

5S93 ©*«*&# (102) tffl^**m#©»tti:ra«»*>©* , « 

«*>fc&W2 0 4) 
«^£> U ^£ A'f ^©fifctt^ftffl"?**. 

5ftLT, f?|b<BlxiO-'S/cm«J:. <fcD#£L<te 
5 x l 0- 3 S/craWCi&5:tMlTi&5. 

±E£#«#»<!:L"rtt, flIAtf. H,S0 4 ,HCI, HNO, * 
(Dm. ( L i + ) t;KXi<t> (B F<~. PF«". 

AS F,-. CI 0 4 ". CF 3 SO,-, BPh 4 " (Ph : 7iZ^S) ) 
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±ttt&nMn<D®mtvTte, wx\*. 7-th- mj;k 
xmj;u, 7'p tfi/>*-^^-r k x^i/>#-#*- k >>*f- 

h5kKD75>, xhP^>/£>> v^odx^>. ylh^yi 
h>, ^V7>, ;UW*?>» xhP**>> 7 

7Uv/>. 2-/Wh7tFD77>. 3 -~?U ML)\,*/ hV 
X^Nt^*^ iHfc*7.*U;K fcfb^XJK mt7s)V~7V)\>. X 

zn<b<D®m<D-D^x\t. mux* «&7;u5:k 

-JK #U74MJ^75 F. #U^f;M^^JU~h. # U 7 * U 
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y*«m&7^;PA. MT$5^7X, eu<tt^H»ft»7^ Ji/ 

*«Ei»£*#<-f -fcttmP* SET lit 

HI 3 .R 1X0 4 £*5^T, 3 0 1i4 0 3IJtI. 303<h406tt 



WO 00/17949 



29 



PCT/JP99/05093 



jEffi, 3 0 4 t 4 0 8 tt&ffJB^f (Ig+f^Sfcttiite) , 3 

0 5 £4 0 9ttIE«»^ (jEffit&XttjEffi**y7> . 3 0 2 <h 4 0 

7 « 3 0 6 i4ioii^x^7h- 4 o i «fe8s»m 

ft. 4 0 4fctIE®3l1i#> 4 11ttftl«. 4 12ttftI'J-H. 4 

1 3 telEU U — K , 4 14li^^^it. 

1EH3 0 3.tft««-»»*»^^ftS 3 0 1 

»Lfc-fe^U-*0-f *>e*#3 0 2 £;frLT*t®£nT:feO, £ 
0««#*«jEa«^t^T©iEffift 3 0 5rtKIEff«frSJK*S*U 

B4Cwn/H5HP)«8!«)=*M , ?tt. IE®*S#4 0 4 
±KJBric3ftfciEfll (*T») 1 4 0 5 £*rf 3IE8S<i:, H4I3I«#4 
0 1 ±11^2 n£M 14 0 2 £WLfcfl®4 0 3#, '> 

TV>*. *fc, iiii^4 0 8 OH P fcLT©3E 

14 11 ^^LTjEff + ^y^WtlWT&n'rViS. IEtt4 0 6 \z-o 
^TttiE«U-K4 1 3S^bTEg+f^4 0 9i:8«SnT^ 

4 0 8 t»KSnTl»4. lEa^y^fflCtt^rtfl^flE*** 
t5f:*<D^i#4 1 4J&«RttS*l*CV>*. 

^fetcai^feck "5 tw. 113 0 1 £«4 0 3 <0i£4fcKl 
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(1) MB (301, 403) ti&MLtzIEW, ( 3 0 3. 4 0 6 ) 
OlHJfc, -tnV-* ( 3 0 2, 4 0 7 ) £&A,T\ IE*S£& ( 3 0 5 ) 
XteftMfr (4 0 8) 

(2) SigS^aAtfci. ( 3 0 4) XtelE®*^ 
(4 0 9) <h#X*"y h (306, 410) ^S^iTS. 

(3) ±E (2) •ei^nfcfeOS. i>uii5:ii:«toT. 

#X-7->y h ( 3 0 6, 4 1 0 ) ©WtbTli. «Atf» 

turn &mw^t7$^xM^n^ 
(*vf&) 

*J&0*ffiti, mm©iEMfi&X«ft880 ( 3 0 5, 4 0 8 ) . RZt 

Am**v7*it\tiEm**y7 (304, 409) *si*sn*. 

ftftOtmiLTte, 7,x>l/7>7s5 1 -^^« : ji^ffl^^^^' ***** 
|3t(t lEffiffi ( 3 0 5 ) EHTrttilffifr (4 0 8) S 



WO 00/17949 



31 



PCT/JP99/05093 



;^*^7n^it 7 9. 5:2 0. 5 T*ig£ 7;i^>#X#B^T 

nfc. WLS&wmz-D^T. X * m^v z znmm&m 

RINT2000 KIT, «7cKl Cu (D K a ^tzfeft X £fT i 

x h>i*4&£ 1 8 a >; n>m<Dmm<Dmm\zmmv8 ovrom&n^ 

>J¥T**J2. 6 g/cc ©SS^fiii^ Lfc. 

*0tJT«, H4lC^L£fff®$ii<2 AAtMX(l3. 9mmt^x 
5 0mm) CDU^C7Az:^m^^^Sit7t. £(TT1t E!4^#^L 

§J{fr£>#5tf>Tf&BJT5. 
1 . 114 0 3 <7>M : 
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2 . IEM4 0 6 ©flsfi! : 

(1) B*'J^«>/xi:a»^>^>&. 1 : 2©*;UfcTfiSL'f 

(2) ±SB (1) U^A-^tf^ft^fc* 

(3) ±IB (2) C*V»TW«U/tU^^A-^>^>*ft«lC. 

5mm%zmGisrz'&, N-^^-2-t:ou K>fc*jni/T*-* 

(4) ±13 (3) T#e>tlfe^-X hS:, **2 0;fD>©7;U5- 
«7A?§©il€#4 0 4 ©KiS P-;U7* 

Ajg^^OU-K&iSWKaFftttTSSttL, 1 5 0 *C T®l£&%k h T 
IE 81 4 0 6 SfffiUfc. 

3 . nmmo^m 

(1) +»t*»*i»*Lfcx^^>*-**- h (EC) ti; * 

(DMC) <h£, «fi£bfc»«£W«l'fc. 

(2) ±13 (1) T?»&nfc*ttK, B37yib*^»U^ , >Att 
(LiBF 4 ) $ 1M (mo 1 / 1 ) LTffl^fc. 

4 . U — * 4 0 7: 

jR-fe/^l^-^tUT, 25 5^P>©t»?H4#UX^^>J&»6 

5 . liOfMiT : 

*»©iia*ftTtt, Ot;&T©*#£:MLfcft«»H$a 

(1) AI4 0 3 t3Ei4 0 60lBCt^l^-^ 4 0 7 Sft*. -fc 
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0 8 \ZW ALfc. 

( 2 ) *ttU- F 4 1 2 &ft$ft4 0 8 <D j£ ffi X # y F 

^ijyntl/>S!J0^7,^>yh4 1 0 flOIES** * 7 4 0 9 KM 
»J — H 4 1 3 ^jS#&?t^at?^^Lfc. 

o) mm (2) Ttt^nfcfeofc «#«E&£EAUfc&* ies* 

ggflSflJ 1 

F-f -y|©7 U y^attR P-5 atfiffltf-JI'S Jl^B®*^ 

(85.3XFe-18XCr-9XNi-2XMn-lXSi-0.15XS-0.07XC) MO 45cc 

MK, ±E£&»*©H«**«l"?*fc Si_Ni 5g fcSc 

ft 15mm ©7f>l/Xl#-il/5: 12 fflAtlT. Mf2£3§l*l £ 7;U=f> 

Gf2PfF«ffiltT Si-Ni 
ttE'&*»*<DHH#*fl 1 l^^Tftt^t^T, ±Ei!gS[ 
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gO . 5 5 0 □ >©=iy ir;H»*ftffl^«© Si :Ni ©7C*Jt*« 7 6 : 
SlCTim&gl 7 GT'2Ptr«ffiltt Si-Ni #aR£&t&*£» 

it. fce»nfc£&f&*£. a sic cu oKa»ftfflv»fcjCAx»ia#f 

HORIBA LASER SCATTERING PARTICLE SIZE 
DISTRIBUTION ANALYZER LA-920 «fc 0 MitSn 

tt, 2. 0 ;$n>T&ofc. 

y-mm 2 s * □ >® •> u a tMtta 0 . 5 5 * □ >© - 

|#-;^J^SI:TJ0M1 7Gt2«HBiB^»»fillT. Si-Ni 
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fHMi£&0M^»J3 : 
-^«?&0^fi^Jfi« 3 : 

##flJ2 

[I Cu £>K oft&ffl^fcJKft X*@«f»«f ft If o/c. 
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y'r)\,M**7i%t£ 32.3 : 67.7 ±fHjiSS#-^ 5 

sicTftnM 1 7 g-c 2 mmnGBft&mvT, ss-Ni #n«£&a 

gia 5 

v *r 2 5^0>©ltS&*#*£7n^Jfc 70 : 30:10 T 

milt, si-Ni-c #as#&t»*&fcfc. *sn&*4»*i:^ 

^T, ^TClC Cu <DK a»&fflV>fcJ£aX»ls!$r#0r£fTO&. #5 
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5 'y£-;Hft5NRtf¥i9&&2 = ^ D ><Z>$gf#*£7C^lfc 45. 5 : 55. 5 : 9 
7 Gt 2 P#r B 1Ji-&^^ffilibT, Si-Ni-Ag ^SI&^f»*^flfc. 

10 h $11 1 1 IZm'To 

20 £S#8<fcLT0£&»*<0M»£«« 7 : 

73.9 : 19.1:7.0 tg^U ±EIIB#-*S ^ttK fctlO** 1 
7 GT 5l*Mfi£»ttffiSLT, S i-NI-Zr #HSf££*ft*£#fc. 

25 nsn&^»*i:"3t>T ( »tek: cu 0Ka«*ffl'nfcj2;ftxaig 

h £E1 1 2 (C^To 
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wmzTtmtts o : 5 o-ca^u t#*>nfcii£M±ie>isg#- 

*5;U8«fcTJDiS« 1 7 GT2l*mS£»tt*13tT Si-Cu $AK 
2. 5;*D>T&ofc. 

WE^**»offH##W 1 Tffl^&*aaiS#fc**.T, ±13® 

^Mfl] 9 

«3/i;UM»**7C*Jt 5 0 : 5 0 Tg£U »SttfcBfc**±E 
Si-Co #AK£*»***fc. fcsnfcSKtt*^^^ Cu 
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2. 4 ;$D>T*£ofc. 

il^l i o 

5pi$&& 25?D>©'/U3 t^^S 2. 2 =• * □ 

«\ 2. 3S*n>T*ofc. 

nmmmw(D^mmmm 1 o : 

-^«?&Of^S3ll«S^ 10: 

fc*tt0fl5»##fll l £|S)«<0:£i£T#£ffi0J0i:&«?&£fe!aLfc. 
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ya&±mMM.m#-)\>$ frgfefcrmmm 1 7 G-?2i$iwig£tfr#fc 

TGe-Co#IW4»*«#fc. ff6nfc^A»*C3V>T. * 
MflligttO^ttffcMlSfll 1 1 : 

i 2 

*t^tf0. 5 ^D>(5-^Mt^Ml: Mg:Ni TC^it 
#50:5 0 KftSckStCg^U t# £ tlfeS^^I £±I2j£SM#- 

;p5;p»«(ct. mmm 1 7 GT2WS^i/tMg-N i 

*«#lii#<Bfe«#Eififll 1 2 : 
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-vtnmoft&xi&m 1 2 : 

±fB*»J 1~12, MtfK^fll 1 2 T^UIL 

Tisom 1 tw^-rt^OT^o^. « 1 ^o^n^t^ x ^0 

#r##T^£fltIt2S c h e r r e r O 3i £ ft A If ^ LTttfc^fitT^ 

( 1 ) ftmn(?-a y)W 

ic (®m/mm<oo. ltBvnm) m<D%.nffirmmnj£&2. 8 v 

( 2 ) 1M *7)V&ft : 

±sE (1) ©K»T#5^5 3t'ff;HCiS[M»Wf ^ 
T. 0. 5C (^*/P#P B ^0. 5{gtf)«D?t) ^(7)^€Sf[HT^«2: 

•cmf&mffi^2. 8 v \zmm-rz>z-?mnzft^> o^tio^ib 

ft SIM 11M ?;U<hLT, 3tS!cSiS^S:tT 
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Hft^jttt (tsa^-f x^/hs< £im ?;p#fft##tfs ^ 
##«2tt, ^#»sJtffl^o^«r B m^« siNi 2 twi;artitc 

nises i~n &Brafc-&!»©i&efcJta>ei"nfc (*58f§ 

f^tx, 5 II % # 'J 7 7 ib f U - r >i4^ 5 ^*^J ^fcili^ 

3lMffJ 1 4 
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fr£g«n£'>fc< <h*>-«©7C***k. Xtt. (h P, N, Ba» Sr, 
Ca, La, Ce. CP. S, Se, Te, B, Bi. Sb, Al, In, Rtf Zn7fr>5 

SnTV>fc<Tfc«k^. ±fB#HRM • A- X££©*J*g* 

M©^*«, M/ (M+A + X) = 20 ~ 80ISm ] 

2. ffifB^AKM • A- XG&te* CuKo»OX*ig#f»w*^T» 
20 = 25° ~ 50° ©IfiHCSinSfc'-^^ttfl^ 0.2° $Ui<Db<DT 
*Sfl*^ 1 KHEfcOftSfflMI*. 

3. MfE^HKM • A • X££«. CuKo*OI»@jfff:iW, 
26 = 25° ~ 50° <Dmm\zm*l2>t' -9<D¥fa1&ifi 0. 5 0 U±<Dh(DH' 

4. jW1B#MM • A- X££tt, CuKfl»oi»Blfri:*if>T, 
26 = 25° ~ 50° ©«B8»CStl*k*-?0*tt«* ? l • 0° ^±©fc© 

5. ffJf2#llf?M • A • X££te, CuKa»OI*@lfrl:*^t. 

20 = 40° ~ 50° ©ttHnsnsr O. 5 ° &±<Db<Dr 

&%mj&m i tse«©ftffiffl«ffi#. 

6. itME#SRM • A- X££tt. CuKo*Ol8BHrl:i^, 
26 = 40° ~ 50° 0«Hfc«ft*f 1- 0° ]^±<Dh<D 
T**flf* 1 CEfcOftSfflMt*. 

n-5^Sf0^f$* J 5 0 0 A^TT&Sff^Jfll »:iB*©ftffiffl* 
8. WE#MM-A-X^Ottftt, X»EHJr#*r*&IHM 
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tl5^Sf©*t$^2 0 0 AWTT&Sif^JS 1 K IS $c tf) fl }1 ffl 

10. fflfHS&&JB7G*tt. Cr, Mn, Fe, Co, Ni, Cu. 
Mo, Tc, Ru, Rh, Pd, Ag, Ir, Pt, Au, Ti, V, 
Y, Sc, Zr, Nb, Hf, T a RtfWrt* SSfcitt*^ 

11. taie^nftM • a • x^^esst? b?*7£3B£o. 05 

12. fII5*S»M • A- X££rt>Sfc*tt*tt. »*te*£0. It 

13. 8*iH#HKM • A- X££j&»Sfc*tt^tt. 7y*7C*S0. 

14. t3E#&!f M • A • X&&fr 7 V%7CM%0 . 1 

15. ttlB&AKM • A • X£$J&» &fc*«£^te,ift*7C** 0 . 0 5 

16. me^AKM • a ■'xafcjfesfcatt^tt. 0.5^71120^111 

17. ffiE#H?tM • A • XG&fr it, O.StimnmiQu 

18. WIB#ftKM • A • X £&&^(Dit3l®« 
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20. flaiB#SHM - A- X£&tt. Il:L i 7t;3t£3M%7?>5 3 0 

21. saiE*aHM • a- x£&«. #ah si-co #ah si- 

Ni #AH Si-Fe #flH Si-Cu #AH Si-Mo 

S*. #AH Si-Cr #*H Si-Ag »AK Si-Zr £ 

#AHSi-Ti£&. #AHSi-Nb££. #AHSi-Y&£. * 
10 AHSi-Co-Ni£&. #AHSi-Co-Cu£&. Si-Co-Fe 
#AH Si-Co-Ag^^, #AH Si-Ni-Fe #AH 
Si-Ni-Cu #AH Si-Ni-Ag #AH Si-Ni-Mo 

#AH Si-Ni-Nb #AH Si-Cu-Fe #AH 

Si-Co-Fe-Ni-Cr #AH Si-Co-Fe-Ni- Cr-Mn 

15 ^if Si-Co-Cu-Fe-Ni-Cr #AH Si-Co-Cu-Fe-Ni 

-Cr~Mn£&, #HH Si-Zr-Fe-Ni-Cr #AK Si-Zr 

-Cu-Fe-Ni-Cr-Mn *fi» Si~ Mo- Fe - Ni~ Cr 

#AH Si-Mo-Cu-Fe-Ni-Cr-Mn $AH Si-Ti-Fe- 

Ni-Cr X«*fil Si-Ti-Cu-Fe-Ni-Cr-Mn 

20 flf^« l tclBiE©^eiffl«@tt. 

22. MfB^AHM • A • XGitte, #HH Si-Co-C #A 
KSi-Ni-C^^, 2EAH Si-Fe-C Si-Cu~C # 
ARSi-Fe-Ni -Cr-C * AH Si-Co- Fe- Ni- Cr- C & 
&. #AR Si-Cu-Fe-Ni-Cr-C #AR Si-Co-Fe-Ni 

25 -Cr-Mn-C * AH Si- Co- Cu- Fe- Ni- Cr- C * 

AH Si-Co-Cu-Fe-Ni-Cr-Mn-C #AR Si-Co-La 

#AH Si-Ni-La #AR Si-Fe-La #AR 

Si-Cu-La #AR Si-Co-La-Fe-Ni-Cr #A 

H Si — Cu — La — Fe - Ni - Cr #AH Si- La- Fe - Ni- Cr 
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#Aft Si-Co-Ca£&. #AftSi-Ni-Ca£&. # Aft Si 
-Fe-Ca #Aft Si-Cu-Ca #Aft Si-Co-Ca-Fe 

-Ni-Cr Si-Cu-Ca-Fe-Ni-Cr #Aft Si~Ca- 

Fe-Ni-Cr-&#, #Afl Si- Co-Zn #Aft Si- Ni-Zn £ 

5 &. #ftft Si-Fe-Zn^A. *ftft Si-Cu-Zn^*. ^ Aft Si 
-Co-Zn-Fe-Ni-Cr #Aft Si-Cu-Zn-Fe-Ni-Cr £ 

#Aft Si-Zn-Fe-Ni-Cr # Aft Si-Co- Al * 

Aft Si-Ni-Al #Aft Si-Fe-Al lEAft Si- Cu-Al 

#Aft Si-Co-Al-Fe-Ni-Cr *Aft Si~Cu-Al 

10 -Fe- Ni-Cr #Aft Si- Al~ Fe - Ni~ Cr #AS Si 

-Co-P ^AftSi-Ni-P #Aft Si"Fe-P£&. # 

Aft Si-Cu-P #Aft Si-Co-P-Fe-Ni-Cr # 

Aft Si-Cu-P-Fe-Ni-Cr #Aft Si~P- Fe- Ni~ Cr £ 

#Aft Si-Co-B£&. #Aft Si-Ni-B^^, *AftSi-Fe 
15 -B££. #AJt Si-Cu-B #A* Si-Co-B-Fe-Ni- 

Cr #Aft Si-Cu-B-Fe-Ni-Cr Xtt #Aft Si- 

B-Fe-Ni-Cr^^TS'SW*^ 1 \Z 82 « i^^^ 

23. WS2#AftM • A • X£&te< #Aft Si-Co-Mg #A 
ft Si-Ni-Mg #Aft Si-Fe-Mg Si~Cu- 

20 Mg£&. #AR Si-Co-Mg-Fe-Ni-Cr *Aft Si-Cu 

-Mg-Fe-Ni-Cr # AM Si-Mg- Fe- Ni~ Cr &§i, #A 

KSi-Co-Ge^^. #Aft Si-Ni-Ge££, #AfltSi-Fe-Ge 
#ftKSi-Cu-Ge£&.#ARSi-Co-Ge-Fe-Ni-Cr £ 
#Aft Si-Cu-Ge-Fe-Ni-Cr #Aft Si-Ge-Fe 

25 -Ni-Cr£&, #AftSi-Ge-Mg -Co£&. #Aft Si-Ge-Mg 
-Ni #Aft Si-Ge-Mg-Fe #Aft Si-Ge~Mg- 

Cu IE A ft Si-Ge-Mg-Co-Fe-Ni-Cr #Aft Si 

-Ge-Mg -Cu-Fe-Ni-Cr X«#Aft Si-Ge-Mg - Fe 
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25. we«**js#+owia*ft«M • A- X^^O^tiH 2 

26. WIB*ffi«lit#tt, ffil2AffJfl««#i:tt*a 

27. + 0tt«#ftKM • A - X^ftftifif^ 
till 80 lt%]51 99 M*%<73 3iBffiT^S»*Ji 2 6 CE«©t| 
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